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Ab in itio pow der pat tern in dex ing is re quired in many ap -
pli ca tions of the pow der method, such as ab in itio struc ture
de ter mi na tion from pow der X-ray dif frac tion data. The ob -
jec tive of pat tern in dex ing is to re con struct the 3-di men -
sional re cip ro cal lat tice from the ra dial dis tri bu tion of
d-spac ings in the dif frac tion pat tern. In prac tice, the meth -
od ol ogy con sists in find ing the crys tal data of the ma te rial,
i.e. the di men sions of the unit cell and lat tice sym me try.
Among ap proaches re ported for pat tern in dex ing, the ef fi -
ciency of the suc ces sive di chot omy method in tro duced by
Louër and Louër [1] has been proved by many years us age.
The method is based on the vari a tion, in pa ram e ter space,
of the lengths of cell edges and inter-ax ial an gles by fi nite
ranges, which are pro gres sively re duced ac cord ing to a di -
chot omy al go rithm. The ab so lute er ror on peak mea sure -
ments is in cor po rated in the pro ce dure, with out any
re-eval u a tion dur ing the nu mer i cal cal cu la tions. So lu tions
are then searched exhaustively in an n-di men sional space,
from n = 1 (cu bic lat tice) to n = = 6 (triclinic lat tice). The
method strat egy is based on the search of so lu tions with
small est cell vol umes. Data pre ci sion is a ma jor fac tor of
suc cess ful in dex ing and the de Wolff fig ure of merit acts as
so lu tion fil ter. The de vel op ment of the com puter pro gram,
us ing the di chot omy prin ci ple, has been car ried out by
stages ac cord ing to the pro gresses of com put ing tech nol -
ogy over forty years. The most re cent pro gram DICVOL91
[2] has been used for in dex ing hun dreds of pow der dif frac -
tion pat terns, from which sub se quent struc ture de ter mi na -
tions were of ten car ried out. Al though the se lec tion of the
in put pa ram e ters of fers strat egy choices to the user, in dex -
ing prac tices have re vealed the need for new options. 

The new fa cil i ties im ple mented in DICVOL04 [3] in -
clude (i) a tol er ance for unindexed dif frac tion lines, (ii) the

re fine ment of the ‘zero-point’ shift, (iii) an a pri ori anal y sis 
of in put data to de tect the pres ence of sig nif i cant zero-point 
er ror, (iv) the use of the re duced cell con cept to iden tify
equiv a lent so lu tions in monoclinic and triclinic sys tems
and (v) a re view ing of all avail able peak po si tions from the
unit cell pa ram e ters found from, gen er ally, the first twenty
lines (if no dom i nant zone is pres ent). Ad di tion ally, dif fer -
ent strat e gies have also been ap plied, par tic u larly to re duce
the risk to miss a so lu tion be cause of met ric lat tice sin gu lar -
ity. De fault val ues have been adapted to more con ve nient
pa ram e ters ac cord ing to the data pre ci sion avail able with
high res o lu tion pow der diffractometers.

DICVOL04 has been tested with many pow der data
sets, most of them found in lit er a ture, e.g. in the NBS
Mono graph No. 25, the 71 data sets of Sec tion 20 and all
triclinic ex am ples re ported in the en tire Mono graph, pow -
der data of phar ma ceu ti cal com pounds col lected with the
cap il lary tech nique and mono chro matic X-rays, and dif fi -
cult cases re ported in re cent pub li ca tions. The ben e fit of
zero-shift re fine ment and a pri ori eval u a tion of zero-er ror
for in situ pow der data has been shown. The suc cess rate of
DICVOLO4 is high. Nev er the less, it should be re minded
that data qual ity re mains a ma jor re quire ment. This is due
to the na ture of the math e mat i cal prob lem which in volves
the res to ra tion of a 3-di men sional ob ject from 1-di men -
sional data. 
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The ab in itio lat tice re con struc tion and unit cell de ter mi na -
tion for sin gle-com po nent pow der dif frac tion data is al -
ready a dif fi cult com pu ta tional prob lem, even for
well-cor rected data with only six un known cell pa ram e ters
[1], so it is not sur pris ing that even quite small num bers of
im pu rity lines can make in dex ing un cer tain.  A sec ond un -
known ma jor phase brings a fur ther six pa ram e ters, so that
the pros pects of suc cess fully in dex ing mixed sam ples are
gen er ally re garded as poor, de spite re cent prog ress us ing
global op ti mi sa tion pro grams like McMaille [2] and
AUTOX [3].

Apart from the com pu ta tional de mands of search ing the 
re sult ing greatly en larged so lu tion space, a ma jor prob lem
is the poor abil ity of the usual in dex ing fig ures of merit
(FOM) like M20, M1 and FN to iden tify so lu tions in the
pres ence of ex tra ne ous lines.  All such FOM are based on
the dis crep an cies be tween ob served and cal cu lated lines. 
They work well when all ob served lines are ex plained by
the model, but the sig nal from a cor rect cell is eas ily lost in
the large noise term from even a few unindexed lines.  A
tra di tional an swer is to ex clude “unindexed” lines from the
FOM cal cu la tion, but this just in tro duces new prob lems,
through mak ing wrong cells ap pear to have good FOM by
ex clud ing their worst dis crep an cies.

This prop erty of re port ing over all mis fit rather than fit
pre vents tra di tional dis crep ancy-based FOM from per -
form ing well when the model is in com plete, which also
lim its their use ful ness for pa ram e ter-sep a ra tion heuristics,
which can greatly speed com pu ta tions by avoid ing the
need to search many un known pa ram e ters con cur rently.

These dis ad van tages would dis ap pear for FOM that re -
ported the amount of fit be tween data and model, while be -
ing broadly trans par ent to any re main ing mis fit.  Such
prop er ties are of fered by a joint-prob a bil ity ap proach like

the PM mea sure orig i nally pro posed by Ishida and
Watanabe [4].  PM it self is not well be haved math e mat i -
cally, due to ar bi trary dis con ti nu ities, but the pres ent study
will re port new better-be haved mea sures – in par tic u lar Ir,
which re ports the “indexedness” of a pat tern for a par tic u -
lar trial cell, as a non-in te gral ef fec tive num ber of in dexed
lines.

Tests us ing the new pro gram Hmap run ning un der the
lat est re lease of the Crysfire sys tem [5] have shown that Ir
has the de sired prop erty of be ing rel a tively trans par ent to
un ex plained lines, rou tinely dis re gard ing 10 or more im pu -
rity lines.  It will be dem on strated that in non-patho log i cal
cases there are now rea son able hopes of in dex ing all the
com po nents of mix tures of two and some times three un -
known low-sym me try phases, even with only (good) lab o -
ra tory data.  Hmap is not able to per form full ab in itio
in dex ing un aided, since it re quires a 4-pa ram e ter SIW ba sis 
set ob tained, for ex am ple, with a pro gram like Lzon [5]. 
This lim i ta tion will be re moved in a new pro gram Peurist,
cur rently un der de vel op ment, which will carry out full ab
in itio in dex ing us ing joint prob a bil ity cri te ria at al stages. 
Prog ress with Hmap and Peurist will be re ported and dem -
on strated. 
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The fun da men tal un der pin nings for qual i ta tive and quan ti -
ta tive phase anal y sis have rested with the de scrip tion of
dif frac tion re sults in terms of a con cise peak-list, i.e.,
d-spac ing/peak in ten sity pairs.  These are taken from the
ex per i men tal data, usu ally af ter back ground sub trac tion
and al pha-2 strip ping.  How ever, there are ob vi ous
short-com ings in this ap proach.  In for ma tion de tails con -
cern ing back ground vari a tions, amor phous com po nents in
the scat ter ing pat tern and peak-width in for ma tion have
been pur pose fully re moved from con sid er ation (e.g.
stress/strain).  How ever, the ef fects of the in stru men tal res -
o lu tion func tion and peak broad en ing per sist.  

In this pa per, we will fol low these his tor i cal de vel op -
ments and show qual i ta tively how Bragg peak res o lu tion
af fects the qual ity of pat tern match ing us ing Smith-Snyder
FOM cri te ria[1]:
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where N is the num ber of ob served Bragg re flec tions,  is the 
av er age  er ror, and is the num ber of pos si ble re flec tions. 
Spe cif i cally, we will use cal cu lated pat terns ob tained from
the ICDD PDF-4 da ta bases and show how sym me try and
peak breadth af fect the FOM.  Re sid u als de rived from unit
cell least-squares anal y ses also cor re late with these ob ser -
va tions.  

In con trast, we will ex am ine meth ods for To tal Pat tern
Anal y ses as im ple mented in DDView+, the front-end soft -
ware in the PDF-4 re la tional da ta bases [2-3].  We will ex -
plore how TPA helps us to re cover search-in dex ing de tails
that have been over looked or lost us ing data re duc tion
meth ods.  Along the way, we will re view sev eral cur rent
de vel op ments in to tal pat tern match ing tech niques. 
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BRASS con sists of a suite of pro grams for the re fine ment,
pre sen ta tion, and eval u a tion of crys tal struc tures. Its
Rietveld ker nel is based on the PC-Rietveld plus pro gram
[1], a de riv a tive of the Wiles & Young code [2]. Lat est ex -
ten sions are the im ple men ta tion of a grid search anal y sis as
in tro duced in [3], the in tro duc tion of an ex tended ver sion
of the mod i fied Pseudo-Voigt pro file func tion ac cord ing to 
[4], the han dling of peak broad en ing due to anisotropic
strain [5], and beam-over flow in ten sity cor rec tions for cir -
cu lar sam ple sur faces [6].

The user in ter face, writ ten in Delphi, han dles the com -
plete file man age ment and data trans fer be tween all mod -
ules in BRASS. Di rec to ries and file struc tures for in put and
out put, and for the in di vid ual pro gram mod ules are set up
upon start ing a new pro ject. The user is guided through the
Rietveld run by con sec u tive steps from the pow der pat tern
dis play to the re fine ment pro ce dure and the dis play of the
re sults. Sin gle re fine ment re sults can be stored be fore sub -
se quent runs are per formed. A re port doc u ment ing the ac -

tions is writ ten to a log file. The re fine ment prog ress is
mon i tored dis play ing the re sid u als and di ver gence cri te ria
in on line graphics. All in di vid ual pa ram e ter changes are re -
corded for ret ro spec tive anal y ses.   

Quan ti ta tive phase anal y ses can be per formed on up to
15 crys tal line phases. Re sults are given in mole per cent and 
weight per cent for the in di vid ual phases and are dis played
in a pie chart. In ad di tion a sum for mula is cal cu lated for
the bulk com po si tion of the whole sam ple.

The nu mer i cal part of the Fou rier cal cu la tions is based
on the FORDAP pro gram [7] ex tended by com pre hen sive
graphics for the 2D and 3D rep re sen ta tion of elec tron den -
si ties and grid search re sults dis play ing oc cu pan cies and
re sid u als in lay ers of the unit cell.

The struc ture draw ing part of the pro gram pack age
based on the old ver sion of the STRUPLO pro gram [8] is
com pletely re writ ten for the on line dis play of poly he dral
rep re sen ta tions or ball and stick mod els. All sin gle ob jects
(at oms, bonds, poly he dra) can be de leted by mouse clicks
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on the re spec tive ob jects. A com pre hen sive redo op tion al -
lows the re cov ery of all or just in di vid ual ob jects.

In ter atomic dis tances and an gles are listed in a ta ble for
all at oms, or they can be dis played on line for in di vid ual at -
oms se lected by mouse clicks in the graphics dis play. The
void space, i.e., the empty space not oc cu pied by at oms, is
cal cu lated ac cord ing to the pro ce dure de scribed in [9]. This 
is es pe cially use ful to de ter mine dif fu sion paths, e.g., in po -
rous ma te ri als like zeolites.  

The pro gram pack age can be down loaded free of
charge from www.brass.uni-bre men.de.
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One of the ma jor ad van tages of pow der dif frac tion com -
pared to other ana lys ing tech niques is to (in di rectly) mea -
sure changes of the en tire crys tal struc ture as a func tion of
time, pres sure, tem per a ture, chem i cal com po si tion, mag -
netic field etc.

Once on line im age plate read ers and high res o lu tion
CCD cam eras be came avail able, they shall force changes
in meth ods of data anal y sis and pre sen ta tion. Typ i cal read -
out times are now on the or der of sec onds. Soon, mil li sec -
onds will be come stan dard, pro duc ing huge amounts of
data which need to be pro cessed in a rea son able amount of
time.

The new soft ware so lu tion pre sented here aims to pro -
vide a tool for just this pur pose. At the pres ent time the im -
ple mented functionalities in clude data re duc tion for
Rietveld re fine ment and pow er ful graph i cal rep re sen ta -
tions of 2D and 3D pow der dif frac tion data in pre sen ta tion
qual ity (see fig ures show ing the phase trans for ma tions and
de com po si tion of Rb2C2O4 which is sub ject of an other ab -
stract). The soft ware de sign and func tion al ity has been op -
ti mised to al low a sub stan tial amount of au to ma tion if
de sired by the user.
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